molecules is also of signifi cant importance since it determines the physical properties of bulk materials and their potential use in specialty applications. Although a great deal of research effort has been invested in mastering the bottom-up self-organization of multifunctional molecules, i.e. designing the molecular architectures attempting to comprehensively control their supramolecular features (interactions, orientation, packing, etc.), [ 1 ] this task still represents an ambitious challenge to accomplish. Among the three dimensional (3D) assemblies of synthetic materials, liquid crystals (LCs) and supramolecular gels have recently attracted considerable attention. Liquid crystalline materials exhibit highly ordered and dynamic structures that bring about exceptional charge carrier mobilities (up to 0.1-1.3 cm 2 V − 1 s − 1 ), [ 2 ] as well as anisotropic properties. [ 3 ] These features have been found to open up intriguing opportunities for highly topical research areas such as solar cells, [ 4 ] light-emitting diodes, [ 5 ] low-dimensional charge-, [ 2d , 6 ] ion-, [ 7 ] and mass-transporting [ 8 ] materials. Supramolecular gels, on the other hand, are colloidal semisolid 3D-networks that exhibit stimuli-dependent physical properties. [ 9 ] Interestingly moreover, some features of the bulk material, like for example the photoluminescence of molecular gelators, can also be modulated by controlling the intermolecular interactions [ 10 ] as well as the orientation of the 3D-networks. [ 11 ] These interesting phenomena, along with the ability to trap and immobilize large volumes of solvent and even small molecules, have allowed gels to be implemented in a large array of diverse applications such as drug delivery, tissue engineering, electronics, fl uorescent imaging, lithography, sensors, and catalysts, to name just a few. [ 12 ] Despite the different environmental nature of LCs and gels (viscous solid and colloidal suspension), both of these supramolecular assemblies are known to be the result of a complex balance between non-covalent attractive forces arising from a rigid scaffold ( π -π stacking, anisotropic dispersion forces, van der Waals interactions and hydrogen bonds), and the disorder introduced by fl exible moieties. [ 13 ] Among the aromatic heteroles, phospholes have experienced a rapid evolution in the recent years. [ 14 ] These phosphorus-based, fi ve-membered heterocycles possess unique
Introduction
Hierarchically multiordered structures of natural materials play a fundamental role in life bioarchitectures. In materials science, the supramolecular organization of organic/inorganic Encouraged by this observation, we envisaged the possibility of engineering the self-assembly behavior of dendritic phosphole-cored derivatives, with the aim of obtaining dynamic and well ordered supramolecular structures, such as gels and/or liquid crystals. It is important to note that, to the best of our knowledge, no studies on multifunctional and highly luminescent gels and liquid crystalline materials based on these P-heterocycles have been reported to date.
Herein we now report on the design, synthesis, photophysical, and self-assembly properties of a series of new dendritic and non-dendritic multifunctional phosphole derivatives (see Scheme 1 ). These photoluminescent materials are found to exhibit the ability to gel organic solvents at different transition temperatures. The spectroscopic investigation reveals that the use of different solvents and/or temperatures allows modulating the emissive properties of the gel phases. Moreover, in the solid state these molecules are also capable of self-assembly into highly luminescent and room temperature liquid crystals. This investigation sheds light on the potential applicability of the phosphole-based molecules as promising multifunctional materials. structural and electronic features that distinguish them from other main group heteroles. Phospholes present a particularly low-lying LUMO due to the effective interaction of the σ *(P-R exocyclic)-π *(1,3-diene) orbitals, and the phosphorus center adopts a pyramidal geometry holding an electron lone pair with high s character. [ 15 ] Consequently, these phosphorusbased heterocycles exhibit a considerable electron affi nity and the orbital energies can moreover be readily fi ne-tuned by means of simple functionalization at the phosphorus atom through oxidation agents, transition metals, or Lewis acids. [ 16 ] These features, together with the extraordinary and tunable optical properties found in some phospholebased systems, [ 14a-c , 17 ] make these heterocycles particularly appealing for the development of new molecular architectures. To date, phosphole heterocycles have been successfully applied in coordination chemistry, [ 15f , 17e , 18 ] in the synthesis of new fused heterocycles, [ 14b-c , 14i , 17c , 19 ] in phosphaporphyrins, [ 20 ] polymers [ 21 ] and dendrimers. [ 22 ] We could recently establish that extended star-shaped dithieno [3,2- 
Results and Discussion

Synthetic Strategy
The initial focus of our systematic approach was on balancing the ratio between the rigid main scaffold/fl exible moieties in order to control the supramolecular assembly. Compound 1 (Scheme 1 ) was designed with a relatively small π -extended central area, surrounded by six terminal dodecyloxy chains in order to govern the supramolecular self-organization. In case the attractive intermolecular π -π -interactions resulting from the main scaffold were not strong enough to direct the stacking of molecules, the fi rst generation poly(phenylenevinylene) (PPV) dendrimer 2 with a larger rigid central framework and dodecyloxy terminal chains as fl exible moieties was also synthesized (Scheme 1 ). Furthermore, in the event of the terminal chains not being able to confer enough fl exibility to drive the supramolecular arrangement, compound 3 with Fréchet-type dendrons, i.e., fl exible 3,4,5-trisubstituted benzyloxy terminal groups, was also considered. Finally, taking advantage of the phosphorus chemistry, a palladium-bridged dimeric structure (compound 4 ) was also derived from compound 3 . The envisaged fl exibility of such a dendrimer as a whole, together with the restricted discotic shape was thought to be worthy of comparison with the monomeric structures. The target molecules 1 , 2, and 3 were synthesized according to a modifi ed Wittig-Horner procedure reported by us earlier, [ 22a ] [17e] The synthetic procedures are detailed in the Supporting Information.
Photophysical Properties
The new materials reported herein showed some interesting photophysical properties. The absorption and emission spectra of compounds 1-4 were recorded in different solvents as well as in the solid state. The data are summarized in Table 1 .
All compounds show a similar trend in their absorption maxima. In general, a positive solvatochromism was observed upon changing from hexanes (the least polar solvent) to CH 2 Cl 2 (see Supporting Information (SI), Figures S1-S4) . Surprisingly, a different behavior was observed on changing from CH 2 Cl 2 to THF. The use of THF (an oxygen-containing solvent more polar than CH 2 Cl 2 ) led to absorption maxima at shorter wavelengths, which points to the presence of different solute/solvent interactions. [ 23 ] By contrast, a regular trend was found in the emission properties. An increase in solvent polarity led to hypsochromic shifts of the emission maxima of the dendritic materials 2-4 (see SI). This fact suggests that the interaction of the dipole moment with polar solvents lowers the energy of the ground state more than that of the emissive excited state, giving rise to blue-shifted emission bands. [ 24 ] Figure 1 shows the optical spectra of the compounds 1-4 in THF solutions (see SI for CH 2 Cl 2 and hexanes solutions, Figures S1-S4 ). Compound 1 , with six peripheral dodecyloxy donor chains, presents two main characteristic absorption bands (at λ max = 347 nm and λ max = 472 nm) as previously observed in analogous extended phenylenevinylene dithienophosphole maximum at λ max = 458 nm corresponding to the π -π * transition of the central dithienophosphole. Remarkably, this band is strongly blue-shifted to λ max = 377 nm in the supramolecular structure 4 after dimerization with palladium. This is in stark contrast to non-extended dithienophosphole core that shows a 10 nm red shift from the oxidized derivative to the corresponding Pd-bridged dimer in both the absorption and emission features. [ 17e ] In this particular case, the unexpected hypsochromic shift of around 80 nm regardless of the nature of the solvent might come hand in hand with a perturbation in the energetic levels of the frontier orbitals due to steric congestion. In terms of emission features, no clear residual emission band coming from the branches was detected when exciting 3 at λ ex = 272 nm, which is in contrast to dendrimer 2 . Only a structureless peak at λ em = 552 nm originated from the central extended dithienophosphole core, with a signifi cant energy transfer efficiency in the range of 69-84%, was observed. When exciting the Pd-bridged dendrimer 4 at the benzyloxy dendrons ( λ ex = 273 nm), the compound displayed a unique and very broad emission band ( λ em = 499 nm) that is blue-shifted with respect to the monomeric oxide compound 3 . The energy transfer effi ciency of this dimeric dendrimer was in the same range as those observed for the monomeric dendrimer 3 (69-89%, depending on the solvent employed), supporting an energy transfer occurring independently into each of the two dendrimers.
Finally, the emission properties of all compounds were also measured in the solid state. Their viscous state at room temperature allowed for the straightforward preparation of thin fi lms simply by sandwiching them between two quartz slides. Despite the fact that some structures possess large and rigid dendrons, which could inhibit the fl uorescence decays in the solid state by π -stacking, [ 26 ] it is noteworthy that all compounds showed strong photoluminescence intensity with emission maxima located in the orange-red region of the optical spectrum (see Table 1 ). Based on these observations it is inherently plausible that the out-of-plane phenyl group attached to the pyramidal phosphorus center is responsible for preventing self-quenching in solid state.
Gelation Studies
In general, organogels are entangled microscale 3D-networks that are formed as a consequence of the ability of organic molecules to trap and immobilize organic solvents through cooperative effects of non-covalent interactions, such as hydrogen bonding, π -π stacking, donor-acceptor interactions, solvophobic forces, and van der Waals interactions. [ 12a , 27 ] As mentioned in the introduction, in order for these supramolecular assemblies to occur, the intermolecular interactions have to be carefully balanced in such a way that they ensure the molecular self-assembly, but at the same time, are weak enough to avoid the transformation into a crystalline state. It is furthermore essential that the gel-solution transitions are thermally reversible and consequently some of the physical properties associated with both states (absorption, fl uorescence, light harvesting features, etc.) can also be thermally tuned, giving rise to a diverse set of intriguing applications. [ 12a , 27 , 28 ] In line with these concepts, the gelation properties of compounds 1 -4 were tested in a wide range of solvents (polar, nonpolar, protic, and non-protic), as well as employing several gelation oxides. [ 22a ] Moreover, this compound displays only one emission band located at λ em = 569 nm when excited at the band corresponding to the π -π * transition ( λ ex = 472 nm). The fi rst generation PPV-type dendrimer 2 , with phenylenevinylene dendrons also shows two main absorption bands at λ max = 330 nm and λ max = 452 nm, which can be assigned to the dendrons [22a] and to the extended dithienophosphole core, respectively. With respect to the emission features of dendrimer 2 , two maxima (at λ em = 423 nm and λ em = 547 nm) were, however, observed when excited at λ ex = 330 nm (see Figure 1 ) . The lower energy band ( λ em = 547 nm) corresponds to the emission coming from the phosphole core, as a result of an energy transfer from the branches to the core. [ 22a ] On the other hand, the second peak centered at λ em = 423 nm, which corresponds to the dendron emission, arises as a consequence of an incomplete energy transfer likely due to many factors based on Förster's mechanism. [ 25 ] Despite the presence of these two simultaneous relaxation processes it is important to note that the energy transfer effi ciency still remains in the range of 64-75%. The Fréchet-type dendrimer 3 and its dimeric relative 4 present several absorption maxima in the different solvents. Both compounds exhibit an absorption band located at around λ max = 272 nm which is attributed to the 3,4,5-trisubstituted benzyloxy dendrons. [ 25a ] Similar to dendrimer 2 , compound 3 exhibits an absorption Table S1 ). The gelation tests were performed in a capped test-tube and the absence of fl ow when turning the testtube containing the sample upside-down was used as the decisive gel formation criterion. The "generation 0" compound 1 , which possesses a planar rigid central area with an out-of-plane phenyl group connected at the phosphorus atom, was found to be able to gel polar solvents such as diethyl ether (Et 2 O), acetone, acetonitrile and 1-pentanol (SI, Figure S6 ). Non-polar solvents such as hexanes, methylcyclohexane, xylenes and toluene, as well as chlorinated solvents and alcohols shorter than 1-pentanol, on the other hand, did not induce any gelation. The different gels formed in the polar solvents were found to be thermo-reversible, however, at different transition temperatures ( Figure 2 ). In particular, compound 1 was completely suspended at room temperature in acetone and acetonitrile, at 0 ° C in 1-pentanol, and at -5 ° C in Et 2 O. The fi rst generation dendrimer 2 , in which the central rigid area is extended along the PPV dendrons, was also found to gel thermoreversibly a variety of organic solvents. In either case the whole solvent volume was completely suspended as representatively shown in Figure 3 .
Despite an expected higher tendency to precipitate due to the larger rigid central area, the gelation properties of 2 were comparable to those of compound 1 . In this case, however, the use of alcohol solvents gave rise to the higher transition temperatures. Therefore, 1-pentanol successfully led to the formation of a gel phase at room temperature, while isopropanol induced gelation only at 0 ° C (Figure 2 ). Ethereal (Et 2 O, THF) and hexanes solutions also formed gels upon cooling from room temperature to around -10 ° C. However, in non-polar (methylcyclohexane, xylenes, toluene) and chlorinated (CH 2 Cl 2 , CHCl 3 ) solvents, dendrimer 2 was too soluble to form gels even at low temperature.
Moreover, solvents of higher polarity, such as acetone, acetonitrile, MeOH and EtOH, were unable to dissolve 2 even upon boiling the solutions for several minutes.
Surprisingly, compound 3 with the fl exible 3,4,5-trisubstituted benzyloxy dendrons was found to be more soluble than dendrimer 2, even though some Fréchet-type dendrimers were reported to strongly induce gelation processes. [ 29 ] In fact, lower transition temperatures were found for THF and hexanes solutions of compound 3 , (-25 ° C and -15 ° C respectively), and the Et 2 O solutions were unable to gel even at very low temperatures ( < -50 ° C). Notwithstanding, acetonitrile solutions showed gelation at room temperature, and 1-pentanol solutions at 0 ° C -similar to compound 1 . In the other solvents, dendrimer 3 presented a comparable behavior to that of compound 2 .
Finally, the dimeric Pd-bridged compound 4 was also exposed to gelation studies. It exhibited very low gel-solution transition temperatures and only showed gelation in hexanes and THF solutions at -20 ° C. In this case, the competition between phase separation and dissolution seemed to be insuffi ciently balanced, leading either to the complete solubilization-even at low temperatures, or to the entire precipitation, depending on the solvent employed. This suggests that the reduced fl exibility provided by the palladium bridge may suppress a constructive orientation of the molecules for a highly ordered 3D-network.
Besides the behavior observed for the dimeric derivative 4 , remarkably compounds 1 , 2 , and 3 , which only bear the Table S1 ). extended dithienophosphole as common structural element, were able to gel organic solvents at room temperature independently from the size/fl exible nature of their peripheral substituents. This particular discovery strongly supports the suitability of these phosphorus heterocycles for the construction of supramolecular and self-assembled architectures. Nevertheless, it is noteworthy that the fl exibility of the phosphole substituents determine if a solvent is gelated, as well as the corresponding transition temperature.
Regarding the photophysical features, it is important to note that all of the gels displayed strong photoluminescence upon UV irradiation at 365 nm (see Figure 3 , inset) . On the basis of this observation, the emission spectra of the gels in different solvents were recorded. The emission wavelengths are summarized in Table S2 of the SI (see also Figure S7 ). In general, the emission properties of the gel phases were strongly infl uenced by the solvents used in the gelation process. Furthermore, a notable difference was found in the emission changes of the compounds with a central rigid area (compounds 1 and 2 ) and compound 3, with relatively higher fl exibility within the dendrons. Thus, the emission maxima of the compounds with a more rigid scaffold (compounds 1 and 2 ) could be modulated in a range of approximately Δ λ em = 30 nm whereas the range for compound 3 was only Δ λ em = 10 nm. This fact was attributed to different supramolecular structures in the 3D-networks. Indeed, this could be representatively observed by comparing the microscopic images of the xerogels of compound 1 and 3 formed from different solvents. Whereas compound 1 formed xerogels with a sponge-like morphology from acetonitrile solutions, and entangled nanotubular structures from 1-pentanol solutions ( Figure 4 A-B, see also Figure S8 in SI), the xerogels of compound 3 obtained from the same solvents were found, on the contrary, to be quite comparable and with smaller morphological architectures as can be seen in Figure 4 C-D (see also Figure S10 in SI).
Additionally to the aforementioned, another peculiar fi nding was noticed during the gelation studies of the dendrimer 2 . This derivative with larger and rigid dendrons was observed to experience dramatic color changes upon formation of the gel phase from solution. Importantly, similar features could not be observed for any of the other compounds. The emission spectra of a 10 m M solution in THF of compound 2 were measured at room temperature (solution), at -15 ° C (gel) and at the mid-point between these two states. The spectra are shown in Figure 5 . When the solution was cooled down, the peak located at λ em = 423 nm started to disappear progressively and this was accompanied by a red shift of the main band from λ em = 547 nm to λ em = 587 nm. These fi ndings are in line with an effective interaction promoted by the extended large/planar moieties. By cooling the temperature, the progressive supramolecular assembly provokes effi cient intermolecular interactions which are responsible for fading out the radiative decay coming from the branches (band at λ em = 423 nm), and at the same time red-shifting the emission maxima. As a result, the initial emission color originated from the sum of two emission bands ( λ em = 423 nm and λ em = 547 nm) is replaced by a unique peak ( λ em = 587 nm) which gives rise to the fi nal red color (see Figure 6 ). It is important to note that this process was reproducible even after several heating/cooling cycles demonstrating the thermo-reversible modulation of the emission properties by controlling the temperature. 
Liquid Crystal Studies
Liquid crystals are sophisticated supramolecular self-organizations of molecules that present fl uidity characteristics of liquid materials, while simultaneously displaying features associated with crystalline states, such as anisotropic properties and highly ordered organization of molecules. This "soft" ordering of molecules, in particular, has made liquid crystals very attractive for a variety of technological applications. In fact, columnar liquid crystals have demonstrated to possess very important uniaxial carrier mobilities as a consequence of their intermolecular π -π overlap. [ 2e , 30 ] Nevertheless, it is important to note that both the fl uidity and the properties associated with the solid state are temperature dependent. Thus, for most common liquid crystalline materials a heat input is needed to provoke the transition from the crystalline state (non-fl uidic phase) to the liquid crystalline (fl uidic and ordered state), and fi nally to the isotropic phase (fl uidic but non-ordered state). In this context, the investigation of novel phosphorus-based liquid crystalline materials, based on compounds 1-4 appears intriguing. The thermal stability and the liquid crystalline properties of these compounds have been studied by thermogravimetric analysis (TGA), polarizing optical microscopy (POM), differential scanning calorimetry (DSC), and X-ray diffraction (XRD). The thermal and thermodynamic data are summarized in Table 2 .
The thermal stability of the compounds was evaluated by thermogravimetry analysis (TGA) under a nitrogen atmosphere and showed that degradation takes place in two steps (Table 2 and Figure S11 , SI). Compound 1 showed a 1.8% weight loss at 144 ° C, compound 2 showed a 1.8% weight loss at 137 ° C, compound 3 showed a 3.0% weight loss at 198 ° C, and compound 4 showed a 8.6% weight loss at 180 ° C. These studies show that these materials have the main weight loss above 350 ° C and all of them start to lose weight well above the clearing point. Comparison of the different compounds revealed that the thermal stability decreases in the direction compound 3 > compound 4 > compound 1 > compound 2 . Considering the main weight loss, on the other hand, compounds with Frechet-type dendrons (3 and 4) are thermally less stable than compounds 1 and 2 ( Table 2) .
Samples of the four phospholes were introduced between glass slides for their study by polarizing optical microscopy (POM). All the phospholes prepared show liquid crystalline behavior, except for compound 4 . Under the optical microscope a birefringent mesophase appears in compounds 1 , 2 and 3 ( Figure 7 , see also Figures S13-S15 in SI). The texture of the mesophase displayed by these compounds does not show any characteristic features and it was not possible to assign a mesophase type from the texture alone. Therefore, X-ray measurements were crucial for the mesophase assignment. Although compound 4 exhibits birefringence and some degree of fl uidity at moderately high temperatures, X-ray analysis ruled out the presence of mesomorphism (see below).
The phase transitions of the phospholes were measured using differential scanning calorimetry (DSC) at a heating and cooling rate of 10 ° C min − 1 ( Figure S12 , SI). All samples were dried in a vacuum desiccator prior to analysis. Phospholes 1 , 2 and 3 exhibit in the fi rst DSC heating scan a transition corresponding to a solid-to-mesophase transition; in addition, the clearing point (mesophase-to-isotropic liquid transition) was observed in the case of compound 2 . After a fi rst heating scan to erase the thermal history of the material, subsequent heating and cooling scan thermograms are reproducible. For this reason, only the data corresponding to the second heating scan are gathered in Table 2 .
For compounds 1 and 2 a glass transition could be also observed. The glassy states might derive from a partial crystallization of side chains. [ 31 ] For phospholes 1 and 3 the mesophaseto-isotropic temperature could not be clearly detected by DSC even in the second scan and therefore the optical data taken from the microscope are given in Table 2 . The DSC curves of compound 4 show several peaks that correspond to different crystal-to-crystal transitions and to the transition to the isotropic liquid, as shown by XRD.
After considering the data in Table 2 , some trends can be immediately deduced. First, comparing the transition temperatures of the compound 3 (with Fréchet-type dendrons) with the compounds 1 and 2 , we can observe that whereas the compounds 1 and 2 present a glass transition, compound 3 presents a direct crystal-mesophase transition. Moreover the columnar mesophase interval exhibited by compound 3 (64 ° C) is broader than the columnar mesophase interval observed for compound of a liquid crystal phase. On the other hand, the X-ray data of compounds 2 and 3 showed that these compounds are in the mesomorphic phase both in their virgin state and in thermally treated samples (see Table S3 , SI). This conclusion was deduced in all cases from the presence of a single sharp refl ection in the lowangle region and the absence of maxima in the high-angle region, except for a broad, diffuse halo typically observed for various mesophases that is characteristic of the liquid-like arrangement of hydrocarbon chains ( Figure S16, SI) .
The patterns were consistent with a hexagonal columnar (Col h ) mesophase and the low-angle maximum can be assigned to the ( 1 0 ) refl ection from the two-dimensional hexagonal lattice. Typical X-ray patterns of perfectly ordered hexagonal columnar mesophases are known to exhibit, in the small-angle region, at least a sharp and intense maximum that is due to the intermolecular interference within the periodic arrangements of columns. The hexagonal lattice constant can be deduced from the spacing of this maximum as a = (2/3
In the wide-angle region these columnar phases can show more than one scattering maximum depending on the extent to which the order extends along the column. The extra peak is attributed to the columnar periodicity ( h ). However, it should be noted that evidence for this columnar periodicity in the wide-angle region of the patterns was not observed in the samples measured. This absence is due to the absence of a constant stacking distance along the columns in addition to the relative shift of the columns with respect to each other.
The occurrence of X-ray diffractograms typical of a liquid crystal phase at room temperature either in virgin or in thermally-treated samples is consistent with the presence of a mesomorphic glass, as confi rmed by the glass transition detected by DSC for compounds 1 and 2 . In the case of compound 1 , the mesomorphic phase is only obtained after cooling from the isotropic liquid. Therefore an X-ray diffractogram characteristic of a crystalline phase is recorded at 38 ° C in the fi rst heating process (Table S3 , SI) in spite of the fact that the liquid crystal phase is observed at this temperature in successive cooling or heating processes.
It should be noted that only a slight variation in the hexagonal lattice constant a is observed by comparing virgin and thermally-treated samples (Table S3 , SI). The same conclusion is drawn when comparing the hexagonal lattice constant a at different temperatures. Furthermore no qualitative changes in the features of the X-ray diffractograms of compound 2 are observed below and above 80 ° C (peak detected by DSC, Table 2 ), which means that the mesophase of this compound is columnar hexagonal in all the thermal range between the melting and clearing temperatures. Therefore the transition detected at 80 ° C likely corresponds only to a subtle change in the intermolecular packing or in the molecule conformation. 1 (30 ° C) and compound 2 (32 ° C). At the same time, the clearing temperature of 3 is lower than that of 2, which is consistent with the fact that some disorder has been introduced in the system due to the benzyl ether moiety. Comparing the effect of the generation in the phospholes 1 ("generation 0") and 2 (generation 1 with PPV scaffold), it can be observed that the temperature of the glass transition and the hexagonal columnar to isotropic liquid transition raise upon increasing the generation of the dendron, but the melting point (crystal to glass transition) temperature is the same.
On the other hand, as can be observed in Table 2 , when the Fréchet-type phosphole is complexed with palladium to give a dimer (compound 4 ) the liquid crystal properties are suppressed.
In order to unambiguously elucidate the structure of the mesophases observed by the above techniques, compounds 1 -4 were investigated by a range of wide angle (WAXS) and small angle (SAXS) X-ray scattering experiments at variable temperatures (Table S3 , SI). The X-ray patterns recorded for compound 1 at room temperature in its virgin state were characteristic of a crystalline phase. However, after thermal treatment, this compound yielded X-ray patterns at room temperature that were characteristic Further insights into the mesophase structure were obtained from simple calculations based on density estimations [ 32 ] (see SI). In order to build a reasonable minimum columnar discotic entity, three molecules of 1 or two molecules of 2 and 3 are required (see Figure 8 ) , giving rise to a disc with a height of about 6 Å (assuming a density of 1 g cm − 3 ). This information, together with the lattice parameters obtained by SAXS and WAXS, provided the basis for the dynamic simulation of the columnar arrangement. Figure 9 shows the minimized 3D-arrangement of the dendritic compound 2 in the corresponding rhombohedral unit cell (see Figure S17 in the SI for compound 1 ).
Finally, the X-ray diffractograms recorded on compound 4 at room temperature, both in virgin and thermally-treated samples, and at high temperatures (85 ° C, 95 ° C and 106 ° C) show that this compound is not mesomorphic. Instead, it exhibits crystalline phases in all the thermal range comprised between room temperature and the transition to the isotropic liquid.
From the thermal studies it can be that phospholes 1 , 2 , and 3 self assemble into supramolecular entities that generate liquidcrystalline columnar arrangements. On the other hand, in dendritic complex 4 , the molecule structure is not appropriate for self-assembly into a mesomorphic arrangement.
Electrochromism Experiments
Electrochromism is a phenomenon that involves the change of the optical properties of materials upon applying a potential. This intriguing property has proven to be especially useful and/ or promising for a wide set of applications that include mirrors, displays, windows and earth-tone chameleon materials. [ 33 ] On the basis of the color tunability and the solid state photoluminescence established by the above-mentioned experiments, the electrochromic properties of the dendrimer 2 were also investigated. The best results were obtained by coating the compound 2 between two ITO glass electrodes and using Bu 4 NClO 4 as electrolyte (see Figure S18 , SI).
The neutral form of the electrochromic setup prepared from the compound 2 exhibited several absorption bands (see Figure 10 , top). Located at λ max = 443 nm the π -π * transition corresponding to the central dithienophosphole was accompanied by a shoulder at around λ max = 348 nm, and a band located at λ max = 303 nm that can be assigned to intermolecular interactions of the dendrons in the solid state. On the other hand, it is important to note that the device was transparent from 550 nm up to the near infrared (NIR) regions.
Upon applying a potential, E > 1.6 V, all the absorption features evolved progressively, being relatively more predominant for the band associated with the dithienophosphole moiety. Importantly, its π -π * transition band was concomitantly blueshifted from 443 nm to 414 nm preserving its intensity. Simultaneously, the shoulder located around λ max = 348 nm decreased while the band at λ max = 303 nm increased slightly. In the range of the applied potentials, no additional bands were observed along the interval between the π -π * transition and 1000 nm, ruling out the formation of additional and less energetic transitions. All these changes certainly exerted a strong impact on the photoluminescence response. As a consequence of the applied voltage, the photoluminescence of the fi lm exposed to UV-light successfully changed from orange to light green as shown in Figure 10 (bottom).
To the best of our knowledge, this is the fi rst time that the electrochromic features of phosphorus heterocycles have been tested. Although these experiments represent the preliminary steps for future and more detailed investigations, this proofof-principle study supports the potential of phosphorus-based materials to be applied in optical switching devices. means of POM and XRD the self-organization was determined to be columnar hexagonal and the ability of self-assemble was shown to be tuned by appropriate tailoring of the molecular structure. Thus, this series of compounds represents an interesting example of molecules that combine liquid crystal behaviour and gelation properties. Finally, on the basis of the strong photoluminescence observed in the different states (solid, solution, and gel), the electrochromic properties were representatively investigated highlighting the switchability of the color emission of these phosphole-cored dendrimers via applying a potential. The work presented in this paper opens up new possibilities for future investigations about new multifunctional phosphorus-based materials in a variety of practical optical applications.
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Conclusions
In conclusion, a series of dendritic and non-dendritic molecules based on the π -extended dithienophosphole core have been synthesized. The overall architecture of the new compounds allowed for the systematic modifi cation of the ratio between the rigid cores/fl exible fragments in order to balance the interactions that are crucial for supramolecular selforganization processes. As a result, all of these organophosphorus molecular materials exhibit the capacity to form highly fl uorescent gels at different temperatures and/or solvents which depend on the fl exibility of the peripheral motifs. Moreover, the photoluminescence was found to be strongly infl uenced by the gelation process, allowing for the modulation of the emission colors by controlling the temperature. In absence of solvent, the liquid crystalline features of the new extended phosphole derivatives were also evaluated. The compounds were found to give highly fl uorescent and, in three cases, stable liquid crystalline materials at room temperature. By 
